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Description
TECHNICAL FIELD

[0001] This disclosure relates generally to a gas tur-
bine engine and, more particularly, to a shaft for the gas
turbine engine.

BACKGROUND INFORMATION

[0002] A gas turbine engine may include a shaft with
a flange for mounting to another component. To reduce
stress concentrations at an interface between a tubular
base of the shaft and the flange, a fillet may be provided.
While such a shaft configuration has various benefits,
there is still room in the art for improvement.

SUMMARY

[0003] According to an aspect of the present disclo-
sure, an apparatus is provided for a gas turbine engine.
This gas turbine engine apparatus includes a shaft base,
a flange and a plurality of lobes. The shaft base extends
axially along an axis between a shaft first end and a shaft
second end. The flange is connected to the shaft base
at the shaft first end. The flange projects radially out from
the shaft base. The flange includes a plurality of fastener
apertures, and the fastener apertures include a first fas-
tener aperture. The lobes are arranged circumferentially
about the axis. Each of the lobes is connected to and
projects radially away from the shaft base. Each of the
lobes is connected to and projects axially out from the
flange. The lobes include a first lobe and a second lobe.
The first fastener aperture is arranged circumferentially
between the first lobe and the second lobe. The second
lobe radially overlaps the first fastener aperture.

[0004] According to another aspect of the present dis-
closure, another apparatus is provided for a gas turbine
engine. This gas turbine engine apparatus includes a
shaft base, a flange and a flange support structure. The
shaft base extends axially along an axis. The flange is
connected to and projects radially out from the shaft base.
The flange support structure is connected to and is be-
tween the shaft base and the flange. The flange support
structure radially tapers towards the shaft base as the
flange support structure projects axially away from the
flange. The flange support structure includes an outer
peripheral boundary at the flange when viewed in a plane
perpendicular to the axis. The outer peripheral boundary
includes a plurality of concave sections and a plurality of
convex sections interspersed with the concave sections.
[0005] According to still another aspect of the present
disclosure, another apparatus is provided for a gas tur-
bine engine. This gas turbine engine apparatus includes
a shaft base, a flange and a flange support structure. The
shaft base extends axially along an axis. The flange is
connected to and projects radially out fromthe shaft base.
The flange includes a plurality of fastener apertures. The
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flange support structure is connected to and is between
the shaft base and the flange. The flange support struc-
ture projects radially out from a cylindrical surface of the
shaft base. The flange support structure includes a plu-
rality of grooves arranged circumferentially about the ax-
is. Each of the fastener apertures radially and circumfer-
entially overlaps a respective one of the grooves.
[0006] The flange support structure may include a plu-
rality of lobes arranged circumferentially about the axis.
A first of the lobes may project radially away from the
shaft base to a first of the convex sections.

[0007] The flange support structure may form a plural-
ity of grooves arranged circumferentially about the axis.
A first of the grooves may project radially into the flange
support structure to a first of the concave sections.
[0008] The flange may include a plurality of fastener
apertures. A first of the fastener apertures may be ar-
ranged circumferentially between a circumferentially
neighboring pair of the convex sections.

[0009] The shaft base may be configured as a tubular
shaft base.
[0010] The first fastener aperture may extend axially

through the flange.

[0011] The first lobe may radially overlap the first fas-
tener aperture.
[0012] The lobes may also include a third lobe. The

fastener apertures may also include a second fastener
aperture arranged circumferentially between the second
lobe and the third lobe.

[0013] The second lobe may radially overlap the sec-
ond fastener aperture.

[0014] The lobes may also include a third lobe and a
fourth lobe. The fastener apertures may also include a
second fastener aperture arranged circumferentially be-
tween the third lobe and the fourth lobe. The third lobe
may radially overlap the second fastener aperture.
[0015] The firstlobe may circumferentially taper as the
first lobe projects radially away from the shaft base to-
wards a distal end of the first lobe.

[0016] The first lobe may axially taper as the first lobe
projects radially away from the shaft base towards a distal
end of the first lobe.

[0017] The apparatus may also include afillet at a cor-
ner between the first lobe and the flange.

[0018] The apparatus may also include a flange sup-
portstructure projecting radially out from a cylindrical out-
er surface of the shaft base. The flange support structure
may include the lobes.

[0019] Tips ofthe lobes may define an outer peripheral
circumference of the flange support structure. A diameter
of the outer peripheral circumference of the flange sup-
port structure may be between 1.05 times and two times
a diameter of the cylindrical outer surface.

[0020] A convex portion of the flange support structure
atatip of the firstlobe may have afirstradius of curvature.
A concave portion of the flange support structure be-
tween the first lobe and the second lobe may have a
second radius of curvature. A ratio of the first radius of
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curvature to the second radius of curvature may be be-
tween 0.2 and 2.5.

[0021] The apparatus may also include a plurality of
fasteners and a rotor for the gas turbine engine. The fas-
teners may be mated with the fastener apertures. The
rotor may be mounted to the flange by the fasteners.
[0022] The rotor may be configured as or otherwise
include a propeller. The gas turbine engine may be con-
figured as or otherwise include a turboprop engine.
[0023] The present disclosure may include any one or
more of the individual features disclosed above and/or
below alone or in any combination thereof.

[0024] The foregoing features and the operation of the
invention will become more apparent in light of the fol-
lowing description and the accompanying drawings.

BRIEF DESCRIPTION OF THE DRAWINGS
[0025]

FIG. 1 is a side sectional illustration of a portion of a
rotating structure.

FIG. 2 is a side sectional illustration of a shaft for the
rotating structure.

FIG. 3 is a cross-sectional illustration of the shaft
taken along line 3-3 in FIG. 2.

FIG. 4 is an enlarged cross-sectional illustration of
a portion of the shaft in FIG. 3.

FIG. 5 is a cross-sectional illustration of a portion of
the shaft configured with another support structure
lobe.

FIG. 6 is a perspective illustration of a portion of the
shaft of FIG. 2.

FIG. 7 is a schematic illustration of a gas turbine
engine with which the rotating structure may be in-
cluded.

DETAILED DESCRIPTION

[0026] FIG. 1illustrates a portion of a rotating structure
20 for a gas turbine engine. This gas turbine engine may
be configured as a gas turbine engine for an aircraft pro-
pulsion system, an exemplary embodiment of which is
described below in further detail (e.g., see FIG. 7). How-
ever, the rotating structure 20 of the present disclosure
is not limited to such an aircraft propulsion system appli-
cation. The rotating structure 20, for example, may alter-
natively be configured with a gas turbine engine such as
an auxiliary power unit (APU) for an aircraft or other ve-
hicle, or an industrial gas turbine engine.

[0027] The rotating structure 20 of FIG. 1 includes a
rotating structure rotor 22 and a rotating structure shaft
24. The rotating structure 20 of FIG. 1 also includes one
or more fasteners 26 for mounting the rotor 22 to the
shaft 24. Each fastener 26 of FIG. 1 includes a bolt 28,
a washer 30 and a nut 32. The present disclosure, how-
ever, is not limited to such an exemplary fastener ar-
rangement. For example, in other embodiments, each
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fastener 26 may include a stud, a washer and a nut. In
still other embodiments, the washers 30 may be omitted.
[0028] The rotor 22 of FIG. 1 is configured to rotate
about a rotational axis 34, which rotational axis 34 may
also be an axial centerline of the gas turbine engine. This
rotor 22 includes a rotor hub 36. The rotor 22 may also
include a plurality of blades (not shown in FIG. 1) ar-
ranged circumferentially about and connected to the rotor
hub 36. The rotor 22, for example, may be configured as
a propeller for a turboprop engine. The present disclo-
sure, however, is not limited to such an exemplary rotor
configuration. The rotor 22, for example, may alternative-
ly be configured as a fan rotor for a turbofan engine, a
compressor rotor for a gas turbine engine, or a turbine
rotor for a gas turbine engine. In still other embodiments,
the rotor 22 may be configured as a gear, a hub for an-
other shaft, or any other gas turbine engine component
which may be coupled to a shaft as described below.
[0029] The rotor hub 36 extends axially along the ro-
tational axis 34 between and to a first side 38 of the rotor
hub 36 and a second side 40 of the rotor hub 36. The
rotor hub 36 of FIG. 1 extends radially inward (towards
the rotational axis 34) to an inner end 42 of the rotor hub
36. An (e.g., cylindrical) inner surface 44 at the hub inner
end 42 forms a bore 46 in the rotor hub 36. The hub bore
46 of FIG. 1 extends axially through the rotor hub 36
between and to the hub first side 38 and the hub second
side 40; e.g., the hub bore 46 is configured as a through-
hole. However, in other embodiments, the hub bore 46
may extend partially axially into the rotor hub 36 from the
hub second side 40; e.g., the hub bore 46 may be con-
figured as a blind-hole.

[0030] The rotor hub 36 includes a plurality of fastener
apertures 48; e.g., bolt holes. These hub fastener aper-
tures 48 are arranged circumferentially about the rota-
tional axis 34 and the hub bore 46 in an annular array.
Each of the hub fastener apertures 48 extends axially
through the rotor hub 36 between and to the hub first side
38 and the hub second side 40.

[0031] The shaft 24 of FIG. 1 is configured to rotate
about the rotational axis 34. This shaft 24 includes a shaft
base 50, a shaft flange 51 and a flange support structure
52.

[0032] Referring to FIG. 2, the shaft base 50 extends
axially along the rotational axis 34 between and to a first
end 54 of shaft base 50 (e.g., a first end of the shaft 24)
and a second end 56 of the shaft base 50 (e.g., a first
end of the shaft 24). The shaft base 50 extends circum-
ferentially about (e.g., completely around) the rotational
axis 34, thereby providing the shaft base 50 is a full-hoop
(e.g., tubular) body. The shaft base 50 extends radially
between and to an inner side 58 of the shaft base 50
(e.g., aninner side of the shaft 24) and an outer side 60
of the shaft base 50.

[0033] A (e.g.,cylindrical)inner surface 62 of the shaft
base 50 at the base inner side 58 at least partially or
completely forms a shaft bore 64 in the shaft 24. This
shaft bore 64 of FIG. 2 extends axially through the shaft
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24 and its shaft base 50 between and to the base first
end 54 and the base second end 56. However, in other
embodiments, the shaft bore 64 may extend axially within
or into the shaft base 50. In still other embodiments, the
shaft 24 may be configured as a solid shaft where the
shaft bore 64 is omitted.

[0034] The shaft base 50 of FIG. 2 includes a (e.g.,
cylindrical) outer surface 66 at the base outer side 60.
This base outer surface 66 has an outer surface diameter
68.

[0035] Theshaftflange51isconnectedto(e.g.,formed
integral with or otherwise attached to) the shaft base 50
at (e.g., on, adjacent or proximate) the base first end 54.
The shaft flange 51 extends circumferentially about (e.g.,
completely around) the rotational axis 34 and the shaft
base 50, thereby providing the shaft flange 51 with a full-
hoop (e.g., annular) body. The shaft flange 51 projects
radially out from the shaft base 50 to a distal outer end
70 of the shaft flange 51, where the shaft flange 51 of
FIG. 1is perpendicular to the rotational axis 34. The shaft
flange 51 extends axially along the rotational axis 34 be-
tween and to a first side 72 of the shaft flange 51 and a
second side 74 of the shaft flange 51. The flange first
side 72 of FIG. 2 is (e.g., slightly) axially recessed from
the base first end 54. However, in other embodiments,
the flange first side 72 may be configured flush with the
base first end 54, or otherwise.

[0036] Referring to FIG. 3, the shaft flange 51 includes
a plurality of fastener apertures 76; e.g., boltholes. These
flange fastener apertures 76 are arranged circumferen-
tially about the rotational axis 34 and the shaft base 50
in an annular array. Each of the flange fastener apertures
76 extends axially through the shaft flange 51 between
and to the flange first side 72 and the flange second side
74;see also FIG. 2. Each of the flange fastener apertures
76 of FIG. 3 has acircular cross-sectional geometry when
viewed, for example, in a plane perpendicular to the ro-
tational axis 34 and/or a plane perpendicular to a center-
line 80 of the respective aperture 76; e.g., plane of FIG. 3.
[0037] Each of the flange fastener apertures 76 has a
fastener aperture radius 78. The centerline 80 of each of
the flange fastener apertures 76 is disposed a radial dis-
tance 82 from the rotational axis 34.

[0038] The shaftflange 51 of FIG. 2 has a flange width
84. This flange width 84 is an axial distance measured
between the flange first side 72 and the flange second
side 74.

[0039] The support structure 52 is configured to struc-
turally reinforce the shaft flange 51, and further structur-
ally tie the shaft flange 51 to the shaft base 50. The sup-
port structure 52 of FIGS. 2 and 3, for example, is con-
nectedto (e.g., formed integral with or otherwise attached
to) and disposed (e.g., at a corner) between the shaft
base 50 and the shaft flange 51.

[0040] The support structure 52 of FIG. 3 extends cir-
cumferentially about (e.g., completely around) the shaft
base 50, thereby providing the support structure 52 with
alobed (e.g., spoked) full-hoop (e.g., annular) body. Re-
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ferring to FIG. 2, the support structure 52 projects radially
out from the shaft base 50 and its outer surface 66, along
the shaft flange 51 and its flange second side 74, to an
outer peripheral boundary 86 of the support structure 52.
The support structure 52 projects axially out from the
shaft flange 51, along the shaft base 50 and its outer side
60, to an axial distal end 88 of the support structure 52.
[0041] The support structure 52 of FIG. 3 includes a
support structure base 90 and one or more support struc-
ture lobes 92. The support structure base 90 is abutted
radially against and connected to (e.g., formed integral
with or otherwise attached to) the shaft base 50 at its
base outer side 60. The support structure base 90 of FIG.
2is abutted axially againstand connected to (e.g., formed
integral with or otherwise attached to) the shaft flange 51
at its flange second side 74. The support structure base
90 of FIG. 3 extends circumferentially about (e.g., com-
pletely around) the rotational axis 34, thereby providing
the support structure base 90 with a full-hoop (e.g., an-
nular) body.

[0042] The supportstructure lobes 92 are arranged cir-
cumferentially about the rotational axis 34, the shaft base
50 and the support structure base 90 in an annular array.
Each of the support structure lobes 92 is abutted radially
against and connected to (e.g., formed integral with or
otherwise attached to) the support structure base 90.
Each of the support structure lobes 92 of FIG. 2 is abutted
axially against and connected to (e.g., formed integral
with or otherwise attached to) the shaft flange 51 at its
flange second side 74.

[0043] Each of the support structure lobes 92 projects
radially out from the support structure base 90, radially
away from the shaft base 50 and along the shaft flange
51 and its flange second side 74, to a distal outer end 94
(e.g., tip) of the respective support structure lobe 92.
Each of the support structure lobes 92 projects axially
out from the shaft flange 51 and its flange second side
74, along the shaft base 50 and its base outer side 60,
to a distal axial end 96 of the respective support structure
lobe 92.

[0044] Each of the support structure lobes 92 may ax-
ially taper as the respective support structure lobe 92
projects radially out from the support structure base 90
(radially away from the shaft base 50) towards or to its
respective distal outer end 94. Referring to FIG. 3, each
of the support structure lobes 92 may also or alternatively
circumferentially taper as the respective support struc-
ture lobe 92 projects radially out from the support struc-
ture base 90 (radially away from the shaft base 50) to-
wards or to its respective distal outer end 94.

[0045] The support structure lobes 92 provide the sup-
port structure 52 with a lobed configuration; e.g., a cas-
tellated, a spoked and/or a gear-like configuration. The
support structure lobes 92 of FIG. 3, for example, provide
the outer peripheral boundary 86 of the support structure
52 with a lobed (e.g., ribbed, wavy, etc.) cross-sectional
geometry when viewed, for example, in a plane perpen-
dicular to the rotational axis 34. For example, a convex
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portion 98 of the support structure 52 formed by a re-
spective one of the support structure lobes 92 at its distal
outer end 94 (e.g., tip) provides the outer peripheral
boundary 86 with one of a plurality of convex sections
100. A concave portion 102 of the support structure 52
formed by trough between a circumferentially neighbor-
ing (e.g., adjacent) pair of the support structure lobes 92
provides the outer peripheral boundary 86 with one of a
plurality of concave sections 104. The concave portions
102 are interspersed with the convex portions 98 circum-
ferentially about the rotational axis 34, and the concave
sections 104 are interspersed with the convex sections
100 circumferentially about the rotational axis 34.
[0046] Referring to FIG. 4, each of the concave por-
tions 102 / concave sections 104 may have an arcuate
geometry. This arcuate geometry may be a partially cir-
cular geometry, a partially oval geometry, a splined ge-
ometry, or otherwise. Each concave portion 102 / con-
cave section 104 has a concave radius of curvature 106
when viewed, for example, in a plane perpendicular to
the rotational axis 34. This concave radius of curvature
106 may be constant along a portion or an entirety of the
concave portion 102 / the concave section 104 where
that element 102, 104 has a partially circular geometry.
The concave radius of curvature 106 may be (e.g., con-
tinuously or intermittently) variable along a portion or an
entirety of the concave portion 102 / the concave section
104 where that element 102, 104 has a partially oval ge-
ometry, a splined geometry, or otherwise.

[0047] Each of the convex portions 98 / convex sec-
tions 100 may have an arcuate geometry. This arcuate
geometry may be a partially circular geometry, a partially
oval geometry, a splined geometry, or otherwise. Each
convex portion 98 / convex section 100 has a convex
radius of curvature 108 when viewed, for example, in a
plane perpendicular to the rotational axis 34. This convex
radius of curvature 108 may be constant along a portion
oran entirety of the convex portion 98/ the convex section
100 where that element 98, 100 has a partially circular
geometry. The convex radius of curvature 108 may be
(e.g., continuously or intermittently) variable along a por-
tion or an entirety of the convex portion 98 / the convex
section 100 where that element 98, 100 has a partially
oval geometry, a splined geometry, or otherwise.
[0048] A ratio between the convex radius of curvature
108 and the concave radius of curvature 106 may be
between 0.2 and 2.5. The ratio, for example, may be be-
tween 0.2 and 0.5, or between 0.5 and 1.0, or between
1.0 and 2.0, or between 2.0 and 2.5. The present disclo-
sure, however, is not limited to the foregoing exemplary
dimensional relationships.

[0049] Each convex portion 98 / convex section 100 of
FIG. 4 extends between and to a circumferentially adja-
cent pair of the concave portions 102 / concave sections
104. Similarly, each concave portion 102 / concave sec-
tion 104 of FIG. 4 extends between and to a circumfer-
entially adjacent pair of the convex portions 98 / convex
sections 100. In other embodiments however, referring
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to FIG. 5, at least one (or each) of the concave portions
102 / concave sections 104 may be separated from a
circumferentially adjacent one of the convex portions 98
/ convex sections 100 by an intermediate portion 110/
intermediate section 112. The intermediate portion 110/
the intermediate section 112 of FIG. 5 has a straight ge-
ometry; however, the present disclosure is not limited
thereto.

[0050] Referringto FIG. 3, the support structure 52 has
an outer peripheral circumference 114. This outer pe-
ripheral circumference 114 of FIG. 3 is defined by the
support structure lobes 92 at their distal outer ends 94;
e.g., tips. The outer peripheral circumference 114 has a
support structure diameter 116. Referring to FIG. 2, this
support structure diameter 116 may be sized between
1.05 times and 2 times the outer surface diameter 68.
The support structure diameter 116, for example, may
be between 1.05 times and 1.5 times or between 1.5
times and 2 times the outer surface diameter 68. The
present disclosure, however, is not limited to the forego-
ing exemplary dimensional relationships.

[0051] The support structure 52 and its lobes 92 have
an axial width 118 at the distal outer ends 94; e.g., tips.
This axial width 118 is sized different (e.g., less) than the
flange width 84. An axial width 120 of the support struc-
ture 52 at the shaft base 50 may also be sized different
(e.g., greater or less) or equal to the flange width 84. The
present disclosure, however, is not limited to the forego-
ing exemplary dimensional relationships.

[0052] Referring to FIG. 3, the support structure lobes
92 are interspersed with the flange fastener apertures 76
circumferentially about the rotational axis 34. For exam-
ple, each of the support structure lobes 92 is arranged
(e.g., aligned) circumferentially between a circumferen-
tially neighboring (e.g., adjacent) pair of the flange fas-
tener apertures 76. Similarly, each of the flange fastener
apertures 76 is arranged (e.g., aligned) circumferentially
between a circumferentially neighboring (e.g., adjacent)
pair of the support structure lobes 92. Each flange fas-
tener apertures 76 may thereby be located partially (or
completely) in a groove 122 formed in the support struc-
ture 52 between the respective circumferentially neigh-
boring pair of the support structure lobes 92. Each groove
122 projects radially into the support structure 52 to the
concave element 102, 104 and/or the support structure
base 90. Each groove 122 extends axially through the
support structure 52 (e.g., to the flange 51); see also
FIGS. 2 and 4.

[0053] Referring to FIG. 4, with the foregoing configu-
ration, each of the support structure lobes 92 may project
radially between and, thus, radially overlap one or both
of its circumferentially neighboring flange fastener aper-
tures 76. A radial distance 124 from the rotational axis
34 to (e.g., an apex of) the distal outer end 94 (e.g., tip)
of a respective support structure lobe 92, for example,
may be sized greater than a radial distance 126 from the
rotational axis 34 to (e.g., a point closest to the rotational
axis 34 on) the respective flange fastener aperture 76.
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However, the radial distance 124 may be sized less than
aradial distance 128 from the rotational axis 34 to (e.g.,
a point farthest away from the rotational axis 34 on) the
respective flange fastener aperture 76. For example, the
radial distance 124 may be equal to (or slightly different
than) the radial distance 82 (see FIG. 3) from the rota-
tional axis 34 to the centerline 80 of the respective flange
fastener aperture 76. The present disclosure, however,
is not limited to the foregoing exemplary dimensional re-
lationships.

[0054] Referring to FIG. 1, the rotor 22 is mated with
the shaft 24. A rim 130 (or other projection) of the shaft
24 at the base first end 54, for example, may project into
the hub bore 46. The hub second side 40 may be abutted
axially against the flange first side 72. Each of the fas-
teners 26 may be mated with a respective one of the
flange fastener apertures 76 and a respective one of the
hub fastener apertures 48. The rotor hub 36 and the shaft
flange 51 are secured together by the fasteners 26. The
rotorhub 36 and the shaftflange 51 of FIG. 1, forexample,
are clamped axially together between heads of the bolts
28 and the nuts 32.

[0055] During operation of the rotating structure 20,
vibrations or other loads may generate a bending mo-
ment between the rotor 22 and the shaft 24. The support
structure 52 and its support structure lobes 92, however,
may increase shaft resist such a bending moment. The
support structure 52 and its support structure lobes 92
of FIG. 2 and 3, for example, reinforce the connection
between the shaft flange 51 and the shaft base 50. For
example, each support structure lobe 92 may function
as a gusset between the shaft flange 51 and the shaft
base 50. The support structure 52 and its support struc-
ture lobes 92 also distribute loads across a larger area
between the shaft flange 51 and the shaft base 50. The
support structure 52 and its support structure lobes 92
may thereby prevent or limit bending between the shaft
flange 51 and the shaft base 50. Providing the support
structure lobes 92 may also facilitate provision of a small-
er pattern for the fasteners 26 (see FIG. 1) since each
lobe 92 may project between circumferentially neighbor-
ing fasteners 26. By contrast, if a full circular fillet between
a shaft base and a shaft flange were increased in size,
mounting fasteners would need to be moved radially out-
ward to prevent interference between the fillet and the
mounting fasteners.

[0056] In some embodiments, referring to FIG. 2, the
shaft 24 may include a plurality of spline teeth 132; e.g.,
ribs. These spline teeth 132 are arranged circumferen-
tially about the rotational axis 34 at the base outer side
60 in an annular array. The spline teeth 132 are arranged
at (e.g., on, adjacent or proximate) the base second end
56. These spline teeth 132 may mate with spline teeth
on another component (e.g., another shaft, a gear, etc.),
thereby providing a splined connection therebetween.
[0057] Insomeembodiments, referringto FIG. 6, afillet
134 may provide a transition at a corner between the
support structure 52 and its lobes 92 and the shaft flange
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51.

[0058] FIG. 7 illustrates an example of the gas turbine
engine with which the rotating structure 20 may be con-
figured. This gas turbine engine is configured as a tur-
boprop gas turbine engine 136. This gas turbine engine
136 of FIG. 7 extends axially along the rotational axis 34
between a forward end 138 of the gas turbine engine 136
and an aft end 140 of the gas turbine engine 136. The
gas turbine engine 136 of FIG. 7 includes an airflow inlet
142, an exhaust 144, a propulsor (e.g., a propeller) sec-
tion 146, acompressor section 147, a combustion section
148 and a turbine section 149.

[0059] The airflow inlet 142 is towards the engine aft
end 140, and aft of the gas turbine engine sections
146-149. The exhaust 144 is located towards the engine
forward end 138, and axially between the propulsor sec-
tion 146 and the gas turbine engine sections 147-149.
[0060] The propulsor section 146 includes a propulsor
rotor 152; e.g., the rotor 22. The compressor section 147
includes a compressor rotor 153. The turbine section 149
includes a high pressure turbine (HPT) rotor 154 and a
low pressure turbine (LPT) rotor 155, where the LPT rotor
155 may be referred to as a power turbine rotor and/or
a free turbine rotor. Each of these gas turbine engine
rotors 152-155 includes a plurality of rotor blades ar-
ranged circumferentially about and connected to one or
more respective rotor disks or hubs.

[0061] The propulsor rotor 152 of FIG. 7 is connected
to the LPT rotor 155 sequentially through a propulsor
shaft 158 (e.g., the shaft 24), an epicyclic geartrain 160
and a low speed shaft 162. The compressor rotor 153 is
connected to the HPT rotor 154 through a high speed
shaft 164.

[0062] During gas turbine engine operation, air enters
the gas turbine engine 136 through the airflow inlet 142.
This air is directed into a core flowpath which extends
sequentially from the airflow inlet 142, through the engine
sections 147-149 (e.g., an engine core), to the exhaust
144. The air within this core flowpath may be referred to
as "core air".

[0063] The core air is compressed by the compressor
rotor 153 and directed into a combustion chamber of a
combustor 166 in the combustion section 148. Fuel is
injected into the combustion chamber and mixed with the
compressed core air to provide a fuel-air mixture. This
fuel-air mixture is ignited and combustion products there-
of flow through and sequentially cause the HPT rotor 154
and the LPT rotor 155 to rotate. The rotation of the HPT
rotor 154 drives rotation of the compressor rotor 153 and,
thus, compression of air received from the airflow inlet
142. The rotation of the LPT rotor 155 drives rotation of
the propulsor rotor 152, which propels air outside of the
gas turbine engine 136 in an aft direction to provide for-
ward aircraft thrust.

[0064] The rotating structure 20 may be included in
various gas turbine engines other than the ones de-
scribed above. The rotating structure 20, for example,
may be included in a geared gas turbine engine where
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a gear train connects one or more shafts to one or more
rotors in a fan section, a compressor section and/or any
other engine section. Alternatively, the rotating structure
20 may be included in a gas turbine engine configured
withouta geartrain; e.g., adirectdrive gas turbine engine.
The gas turbine engine may be configured with a single
spool, with two spools, or with more than two spools. The
gas turbine engine may be configured as a turbofan en-
gine, a turbojet engine, a turboprop engine, a turboshaft
engine, a propfan engine, a pusher fan engine, an aux-
iliary power unit (APU) or any other type of gas turbine
engine. The present disclosure therefore is not limited to
any particular types or configurations of gas turbine en-
gines.

[0065] While various embodiments of the present dis-
closure have been described, it will be apparent to those
of ordinary skill in the art that many more embodiments
and implementations are possible within the scope of the
disclosure. For example, the present disclosure as de-
scribed herein includes several aspects and embodi-
ments that include particular features. Although these
features may be described individually, it is within the
scope of the present disclosure that some or all of these
features may be combined with any one of the aspects
and remain within the scope of the disclosure. Accord-
ingly, the presentdisclosure is not to be restricted except
in light of the attached claims and their equivalents.

Claims

1. An apparatus (20) for a gas turbine engine (136),
comprising:

a shaftbase (50) extending axially along an axis
(34) between a shaft first end (54) and a shaft
second end (56);

a flange (51) connected to the shaft base (50)
at the shaft first end (54), the flange (51) pro-
jecting radially out from the shaft base (50), the
flange (51) comprising a plurality of fastener ap-
ertures (76), and the plurality of fastener aper-
tures (76) comprising a first fastener aperture
(76); and

a plurality of lobes (92) arranged circumferen-
tially about the axis (34), each of the plurality of
lobes (92) connected to and projecting radially
away from the shaft base (50), each of the plu-
rality of lobes (92) connected to and projecting
axially out from the flange (51), and the plurality
of lobes (92) including a first lobe (92) and a
second lobe (92);

the first fastener aperture (76) arranged circum-
ferentially between the first lobe (92) and the
second lobe (92), and the second lobe (92) ra-
dially overlapping the first fastener aperture
(76).
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2. The apparatus of claim 1, wherein the shaft base
(50) is configured as a tubular shaft base (50).

3. The apparatus of claim 1 or 2, wherein the first fas-
teneraperture (76) extends axially through the flange
(51).

4. The apparatus of any preceding claim, wherein the
first lobe (92) radially overlaps the first fastener ap-
erture (76).

5. The apparatus of any preceding claim, wherein

the plurality of lobes (92) further includes a third
lobe (92); and

the plurality of fastener apertures (76) further
includes a second fastener aperture (76) ar-
ranged circumferentially between the second
lobe (92) and the third lobe (92), wherein the
second lobe (92) optionally radially overlaps the
second fastener aperture (76).

6. The apparatus of any of claims 1 to 4, wherein

the plurality of lobes (92) further includes a third
lobe (92) and a fourth lobe (92);

the plurality of fastener apertures (76) further
includes a second fastener aperture (76) ar-
ranged circumferentially between the third lobe
(92) and the fourth lobe (92); and

the third lobe (92) radially overlaps the second
fastener aperture (76).

7. The apparatus of any preceding claim, wherein the
firstlobe (92) circumferentially tapers as the firstlobe
(92) projects radially away from the shaft base (50)
towards a distal end (94) of the first lobe (92), and/or
wherein the first lobe (92) axially tapers as the first
lobe (92) projects radially away from the shaft base
(50) towards a distal end (94) of the first lobe (92).

8. The apparatus of any preceding claim, further com-
prising a fillet (134) at a corner between the first lobe
(92) and the flange (51).

9. The apparatus of any preceding claim, further com-
prising a flange support structure (52) projecting ra-
dially out from a cylindrical outer surface (66) of the
shaft base (50), the flange support structure (52)
comprising the plurality of lobes (92), wherein, op-
tionally:

tips (94) of the plurality of lobes (92) define an
outer peripheral circumference (86) of the flange
support structure (52); and

a diameter (116) of the outer peripheral circum-
ference (86) of the flange support structure (52)
is between 1.05 times and two times a diameter
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(68) of the cylindrical outer surface (66). wherein:

10. The apparatus of claim 9, wherein the flange support structure (52) forms a plurality

of grooves (122) arranged circumferentially

aconvex portion (98) of the flange support struc- about the axis (34); and

ture (52) at a tip (94) of the first lobe (92) has a a first of the plurality of grooves (122) projects

first radius of curvature (108); radially into the flange support structure (52) to

a concave portion (102) of the flange support a first of the plurality of concave sections (104).

structure (52) between the first lobe (92) and the

second lobe (92) has a second radius of curva- 70 14. The apparatus of claim 12 or 13, wherein

ture (106); and

a ratio of the first radius of curvature (108) to the the flange (50) includes a plurality of fastener

second radius of curvature (106) is between 0.2 apertures (76); and

and 2.5. a first of the plurality of fastener apertures (76)
15

is arranged circumferentially between a circum-

11. The apparatus of any preceding claim, further com-
prising:

ferentially neighboring pair of the plurality of con-
vex sections (100).

a plurality of fasteners (26) mated with the plu-
rality of fastener apertures (76); and 20

15. An apparatus (20) for a gas turbine engine (136),
comprising:

a rotor (22) for the gas turbine engine (136)
mounted to the flange (50) by the plurality of
fasteners (26), wherein, optionally:

about the axis (34); and

a first of the plurality of lobes (92) projects radi-
ally away from the shaft base (50) to a first of
the plurality of convex sections (100); and/or

a shaft base (50) extending axially along an axis
(34);
aflange (51) connected to and projecting radially

the rotor (22) comprises a propeller (146); 25 outfrom the shaftbase (50), the flange (51) com-
and prising a plurality of fastener apertures (76); and
the gas turbine engine (136) comprises a aflange support structure (52) connected to and
turboprop engine (136). between the shaft base (50) and the flange (51),
the flange support structure (52) projecting ra-
12. An apparatus (20) for a gas turbine engine (136), 30 dially out from a cylindrical surface (66) of the
comprising: shaftbase (50), the flange support structure (52)
comprising a plurality of grooves (122) arranged
a shaftbase (50) extending axially along an axis circumferentially about the axis (34), wherein
(34); each of the plurality of fastener apertures (76)
aflange (51) connected to and projectingradially 35 radially and circumferentially overlaps a respec-
out from the shaft base (50); and tive one of the plurality of grooves (122).
aflange support structure (52) connected to and
between the shaftbase (50) and the flange (51),
the flange support structure (52) radially taper-
ing towards the shaft base (50) as the flange 40
support structure (52) projects axially away from
the flange (51), the flange support structure (52)
comprising an outer peripheral boundary (86) at
the flange (50) when viewed in a plane perpen-
dicular to the axis (34), and the outer peripheral 45
boundary (86) includes a plurality of concave
sections (104) and a plurality of convex sections
(100) interspersed with the plurality of concave
sections (104).
50
13. The apparatus of claim 12, wherein:
the flange support structure (52) includes a plu-
rality of lobes (92) arranged circumferentially
55
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